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Plasmodium is a protozoan parasite that causes malaria, an infectious disease transmitted by 
Anopheles mosquitoes. Like other eukaryotes, Plasmodium possess microtubules, a component of 
its cytoskeleton, that are involved in mitosis, vesicular transport, as well as cellular shape and 
stability. A prominent shape of Plasmodium is the ookinete, a motile, banana-shaped zygote that 
forms inside the mosquito and facilitates infection of the insect vector. The polarized banana-
shape is generated and regulated by microtubule associated proteins (MAPs). Thus far, very few 
MAPs have been identified for the malaria parasite. Our lab has identified a novel gene that is a 
putative MAP: the MAP6-related STOP Axonemal protein-1 (SAXO1). Using a heterologous 
expression system, we demonstrate that Plasmodium SAXO-1 does bind to microtubules. 
Utilizing CRISPR/Cas9, our lab successfully generated a mutant Plasmodium strain that lacks the 
saxo-1 gene (SAXO-1KO), indicating that the gene is not essential. Here we characterize the 
SAXO-1KO phenotype. We first isolated individual clones, clone A and clone B, and determined 
their growth curves as well as the morphology of parasites during their development in the mouse 
blood. Our initial observations show significant morphological differences in the schizont stage, 
which appear highly disorganized in the SAXO-1KO parasites when compared to the parental 
wild type parasites. Our follow-up investigation focuses on the organization of the parasite 
microtubules during development in red blood cells. Our data give new insights into the 
organization and regulation of the cytoskeleton of the malaria parasite. This will increase our 
understanding of the parasite’s biology and may lead to novel approaches to combat this terrible 
disease. 
Abstract/Introduction
Fig. 1 Plasmodium life cycle (Spreng et al.) A The Plasmodium life cycle is complex. 
The parasite must survive its journey from the mosquito vector to its mammalian host. B
Depiction of a Plasmodium sporozoite showing the microtubules in green (Spreng et al.). 
Microtubules located just under the plasma membrane assist in generating and 
maintaining the polar cellular shape of the parasite.
Fig. 2: The SAXO1 protein contains seven highly similar repeats. A: Culstal
Omega alignment of the Toxoplasma SPM-1 and Plasmodium SAXO-1 protein 
sequences. B Phylogenetic tree of Plasmodium and related organism. P. berghei is 
often used in laboratory work as it infects mice. C: Organization of the 
Plasmodium protein. Boxes are as follows: gray = N-terminal domain, yellow = 
cys-rich domain, green = repeats R1 – R7, red = C-terminal domain. D: alignment 
of the repeat regions (yellow). Green and gray boxes indicate alternating identical 
repeats (R2, R4, R6) and (R3, R5, R7). 
Research Design & Results
Fig. 5: Creation of clones and the erythrocyte stage. Clones were created through the infection of a starter mouse with a strain that had been edited via CRISPR/Cas9. Once the mouse reached enough parasitemia, she was exsanguinated. 
Through careful calculations, her blood was diluted to infect via tail-vein injections six mice with two parasites each. Half of the mice came up with clones denoted as A, B, and C. To better study the  growth of the parasite in erythrocytes. 
Three mice were infected with 20,000 parasites each of either clone A, B, or C. Three mice were also infected with 20,000 WT parasites, all of which also originated from a starter mouse. Progress of disease was checked every day. A 
second trial involved repeating the second step, i.e. infecting naïve mice with many parasites. However, this time around, the mice were infected with 5,500 parasites/50uL solution via tail-vein injections.
A
Fig. 3: Stained microtubules (left, center) and stained microtubules, actin, and nucleus (right) (Berge). Microtubules of this 
parasite are not often studied. 
Fig. 4: Model of SAXO1 binding to the microtubules. We hypothesize that 
SAXO-1 binds to and stabilizes microtubules in the malaria parasite. 
Fig. 6: Visualization of the region of interest and primers used for PCR. A: 
gDNA was extracted from blood samples of each of the clones. The region was 
replicated using PCR and checked via gel electrophoresis. B: Gel electrophoresis of 
the results. Three primer pairs were used: P4/P5, P5/R, and P4/F. As theorized, the 
largest P4/P5 band was found in the wild type (left, second column). The three clones 
(left, the remaining columns to the right) had the same length. When ran with the 
P5/R region, the wildtype showed no bands as this was the edited region. The same 
has occurred with the P4/F primers (right). The lengths of the bands correspond to the 
length of the actual sequences (view fig. 2), hence proving that the SAXO-1 region 
was successfully knocked out and clones were successfully generated. 
Mouse malaria symptoms
Mild, early symptoms Severe, late symptoms
- Ruffled fur
- Weight loss (>1g)
- Light ears
- Light eyes





- Little to no movement
- Death*
Fig. 8. A: Mouse malaria symptoms. Depending 
on the stage of the project, mice are checked either 
every day or every other day. The BAR (bright, 
alert, responsive) standard is used for visual checks 
while parasitemia is calculated via blood smears 
(fig. 3b). Mice are weighted as well. Once 
symptoms increase in severity, mice are 
exsanguinated before they reach death. B: Percent 
parasitemia calculations. The equation above is 
used to determine parasitemia. Gametocytes are not 




















Percent Parasitemia Over Time for Tail Vein Injected Clone C
0 1 2
Fig. 7. A: Percent parasitemia over time for tail-vein 
injected Clone C. After the first trial that involved 
intraperitoneal injections of 20,000 parasites, another trial was 
started where parasites were injected via the tail-vein method. 
An advantage of this is that the parasite is sent directly to the 
bloodstream, which is where it needs to relocate to. Currently, 
another starter mouse has been infected with the wildtype 
parasite, which will also be tail-vein injected into new mice.
The inset shows weight over time for tail-vein injected Clone 
C. 
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Summary
The SAXO-1 gene is an important microtubule gene related to the cellular shape of the Plasmodium parasite. With regards to 
infections, KO-infected mice tend to reach higher parasitemia than their WT counterparts. However, this conclusion must be 
further researched as the wildtype parasitemia did not exhibit regular Plasmodium infection patterns. There is currently a second 
trial to account for this difference where a P0 parasite was used for infections. Apart from this, this second trial will also use the 
tail-vein injection technique to infect mice. Further steps will include staining the microtubules and using fluorescent microscopy 
to visualize the microtubules. The knockout parasites will also be studied in their sexual stages using live feed techniques to infect 
mosquitoes. These mosquitoes will later be dissected so that the sexual stage can be studied closer. 
Most malaria studies tend to focus on potential treatments, or even vaccines. The parasite is gaining resistance against current
treatment options. Further understanding of the cytoskeletal elements of this parasite will aid in future research and finding 
potential new target sites for antibiotics. 
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Fig. 10: Comparison of developmental parasite stages 
between Wt and KO. Shown are the developmental blood stages 
of Plasmodium. Shape and structure differences between the WT 
and the KO are already apparent in the erythrocyte stages, namely 





























Fig. 9: Phenotypic analysis of SAXO-1 KO parasites. Light microscopy images (100x Oil) of wild type (wt) and SAXO-1 KO 
clone C. A blood smear was fixed with ice cold methanol, dried and stained with Giemsa, a chromatin stain. Different 
developmental stages of the parasite are clearly visible, indicated by differently colored arrows: Ring stage (blue), trophozoites 
(green), gametocyte (pink). Highlighted with red circles are schizont. 
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